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species selected at random from a community has abundance , and that an individual selected at 138 random from a species with abundance has a metabolic requirement between and + (2) 148 In words, these constraints say that the total number of individuals in the community
is equal to , and the total community metabolic requirement
is equal to .
( , ) is then obtained by maximizing the Shannon 151 entropy −∑ ∫ ln subject to constraints (1) and (2), as well the constraint that 152 ( , ) sums to 1 (since it is a probability distribution). This maximization procedure gives 153 ( , ) ∝ − 1 − 2 (3) 154 where 1 and 2 are constants (Lagrange multipliers) with values chosen such that constraints (1) 155 and (2) Since ( ) represents the probability of observing the "snapshots" , the probabilities can be In this section we give an intuitive derivation of the ecosystem structure function implied 200 by VEG, which will be denoted ( , ) (a more rigorous mathematical derivation is given in 201 Appendix B). This will allow us to directly compare the predictions of METE and VEG.
202
When we sample a species at random from a community, all species present have the 203 same probability of being selected. However, the metabolic requirement of the selected species 204 is more likely to take some values than others due to two effects: (1) Trait availability. Among 4) and (5)).
211
VEG represents a special case in which there is no trait variation within species: all 212 individuals in species have the same metabolic requirement (thus a VEG "species" is more 213 appropriately interpreted as a functional type rather than a taxonomic unit; Bertram and Dewar, 214 2013). Thus, the first effect above (trait availability) is represented by the fact that the metabolic 215 spectrum 1 ≤ 2 ≤ ⋯ may be more densely packed at some values of than at others. To 216 represent this effect mathematically, we introduce the "density of species" distribution ( );
217
( ) counts the number of metabolic requirement values ("species") contained in the interval 218 ( , + ). For comparison with METE, in which is a continuous variable, we assume that the 219 metabolic requirement spectrum is sufficiently dense that we can approximate ( ) as a 220 continuous function of . Intuitively, the shape of ( ) represents the relative probabilities that a 221 species selected at random out of all possible species that could be present in the community has 222 a metabolic requirement within a given interval (Fig. 2 ).
223

[FIGURE 2]
224
Once a species has been sampled out of all possible species and its metabolic requirement 225 has been found to be , the probability that it has abundance , denoted ( | ), can then be 226 straightforwardly calculated in VEG from Eq. (6) (from Appendix B, ( | ) ∝ −( 1 + 2 ) ).
227
VEG also explicitly accounts for the second effect above (environmental filtering), through the 228 Lagrange multipliers 1 and 2 that reflect the environmental constraints of Eqs. (4) and (5).
229
To construct ( , ), which only refers to species that are actually present, we restrict will not tell us much about their differences. It is interesting to demonstrate this "weak test" 245 property of SADs explicitly in terms of the METE and VEG ecosystem structure functions.
246
As noted in section 2.1, the SAD is obtained by integrating the ecosystem structure 247 function over (the SAD is proportional to ( ) = ∫ ( , ) ). We therefore expect that the 248 SAD will be to some extent insensitive to the exact manner in which ( , ) depends on .
249
In the case of METE, the predicted SAD is almost entirely independent of the value of 250 / in the metabolic constraint Eq.
(2) for many of the most heavily studied SAD datasets (i.e. 
296
In all three datasets we found values of that give superior Ψ( ) fits to METE (bottom 297 three panels of Fig. 3 ; note the logarithmic horizontal axis). This is no great victory given that we 298 have introduced a free parameter that is not available to METE, but it confirms that the power 
343
In either case, VEG opens up ways to understanding the link between functional traits and CSDs 344 that are simply not available to METE.
345
One of METE's great strengths is that it only requires three parameters , and for all 346 of its predictions. How might the above insights be used to improve the predictions of METE 
